
*II?S!t'h!U!i% FOR LIPID RESEARCH , 

PROGRESS REPORT ON NASA RESEARCH GRANT NGR-05-035-003 FOR TIIE PERIOD 1 OCTOBER 

1965 THROU(;H 39 SEPTEXBER 1966. "STUDY OF BODY E M E R R  CONSERVATION, ENPHASIZING 

SPACE FTJGHT ENVIRONMENTAL EFFECTS ON ORGAXIS?rS" 

During t h e  pe r iod  of t h i s  g ran t  (1 y e a r )  pe r sonne l  have been acqui red  and 
t r a i n e d  i n  t h e  chemical  and enzymological techniques  r e q u i r e d  i n  conduct ing t h e  
r e s e a r c h  o u t l i n e d  i n  t h e  p roposa l .  E s s e n t i a l l y  a l l  equipment are now a v a i l a b l e  
as are f a c i l i t i e s  excep t  f o r  a c o l d  room. A t  p r e s e n t ,  r e f r i g e r a t o r s  are b e i n g  
used u n t i l  a c o l d  room can be obta ined .  

During t h e  i n i t i a l  phases  of the  r e s e a r c h ,  t h e  response  of  ad ipose  t i s s u e  
t o  v a r i o u s  hormones have been tes ted  f o r  release of  f r e e  f a t t y  a c i d s  and uptake  
of g lucose .  Both t h e  i s o l a t e d  f a t  c e l l s  and i n t a c t  epididymal  f a t  pads have been 
used as test material. I t  has  been shown f o r  t h e  normal rat t h a t  ad ipose  t i s s u e  
ce l l s  and f a t  pads release f r e e  f a t t y  ac ids  (FFA) and t a k e  up g lucose  w e l l  under  
t h e  s t i m u l u s  of  ep inephr ine  when incubated  i n  v i t r o  a t  37OC. Khen t h e  i n c u b a t i o n  
tempera ture  i s  lowered t o  1 5 O C  FFA release i n  response  t o  ep inephr ine  i s  d r a s t i c a l l y  
reduced and g l u c n s e  ~ p t a t e  is essent ia l ly  s t o p p e d .  Xien incubated  ai j0 both FFA 
release and g lucose  uptake has  ceased. 

Rats were cooled  u n t i l  t h e i r  deep body reached 5OC, a body tempera ture  
commonly reached  by h i b e r n a t i n q  animals .  F a t  pads from t h e s e  r a t s  d i d  n o t  r e l e a s e  
FFA when incubated  a t  15O and t h e  release w a s  markedly less a t  37O as conlpared 
w i t h  ra t s  n o t  p r e v i o u s l y  coo led .  

Fa t  pads from normal ra t s  responded t o  i n s u l i n  i n  t h e  incuba t ion  mediurr! by 
a d e c r e a s e  i n  FFA release and a pronounced uptake of g lucose .  When incuba ted  a t  
15OC t h e  i n s u l i n  responses  were e s s e n t i a l l v  abo l i shed .  

Thus i t  may be  concluded t h a t  a nonh ibe rna t ing  an imal  ( r a t )  can release FFA 
needed f o r  energy a t  tempera tures  of 15OC but  n o t  a t  tempera tures  w e l l  t o l e r a t e d  
by h i b e r n a t i n g  mammals. 

For h i b e r n a t i n g  an imals ,  arrangements  had been made t o  use  b a t s  which a r e  
a v a i l a b l e  i n  t h i s  area, b u t  i t  proved more convenient  t o  use  t h e  golden mantled 
ground s q u i r r e l  a t  t h i s  t i m e .  I n  a l l  p r o b a b i l i t y  b a t s  w i l l  be  used l a t e r  t o  
supplement t h e  f i n d i n g s  on ground s q u i r r e l s .  

Work on t h e  ground s q u i r r e l s  has  been underway f o r  on ly  a s h o r t  t i m e ,  b u t  
i t  i s  e v i d e n t  t h a t  t hey  respond t o  low tempera tures  i n  a manner d i f f e r e n t  from 
t h e  ra t .  That i s ,  ep inephr ine - re l ease  of FFA from ad ipose  t i s s u e  c o n t i n u e s ,  
a l though  a t  a lower ra te ,  even when incu3ated  a t  5OC. 
t o  make comparisons o f  a b s o l u t e  FFA release rates between rat  and ground s q u i r r e l  
because  of  t h e  s t r u c t u r a l  d i f f e r e n c e s  i n  t h e  f a t  pads.  Ground s q u i r r e l  f a t  Dads 
are much t h i c k e r  and consequent ly  t h e  p e n e t r a t i o n  of hormones and FFA r e l e a s e  may 

I t  i s  somewhat d i f f i c u l t  
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S u f f i c i e n t  ground s q u i r r e l s  are now on hand t o  e n a b l e  s t u d i e s  t o  be  c a r r i e d  
I n  o u t  as t h e  animals r e a c h  h i b e r n a t i o n ,  d u r i n g  h i b e r n a t i o n  and du r ing  a r o u s a l .  

a d d i t i o n  t o  t h e  r e sponses  noted  above, measurements are a l s o  be ing  made of  t h e  
f o l l o w i n g  enzymes i n  l iver  and adipose t i s s u e :  
g lu t amic  py ruv ic  t ransaminase ,  NADP-malic dehydrogenase, glucose-6-phosphate 
dehydrogenase,  a l p h a  glycerophosphate dehydrogenase and c i t ra te  c leavage  enzyme. 
P r e l i m i n a r y  r e s u l t s  on an imals  p repa r ing  f o r  h i b e r n a t i o n  i n d i c a t e  t h a t  enzyme 
a c t i v i t i e s  are much lower than va lues  o b t a i n e d  on ra t  t i s s u e .  The s i g n i f i c a n c e  
of t h e s e  r e s u l t s  are n o t  clear as y e t ,  b u t  similar measurements w i l l  be made on 
t h e  ground s q u i r r e l  as i t  i s  i n  h i b e r n a t i o n  a t  So and dur ing  a r o u s a l  i n  o r d e r  t o  
b e t t e r  unde r s t and  t h e  in t e rmed ia ry  metabolism of t h a t  animal.  
t o  test t h e  o p e r a t i o n  of t h e  Krebs cycle  (e.g. ,  i s o c i t r i t i c  dehydrogenase) as 
w e l l  as NAD-mal ic  dehydrogenase and hexokinase w i l l  b e  measured. 

g lu tamic  o x a l o a c e t i c  t ransminase ,  

A d d i t i o n a l  enzymes 

Seven d i f f e r e n t  t i s s u e s  have been and w i l l  be  t aken  f o r  later s t u d i e s  on t h e  
l i p i d  classes by t h i n  l a y e r  chromatography and f o r  f a t t y  a c i d  composition by gas 
l i q u i d  chromatography. The enzyme s t u d i e s  c i t e d  above w i l l  soon be supplemented 
by s t u d i e s  on i n t e r m e d i a r y  metabolism i n  l i ve r  and ad ipose  t i s s u e  u s i n g  r a d i o a c t i v e  
s u b s t r a t e s .  
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